to the gut lumen. Further studies with other mucosal pathogens are needed to determine the general applicability of this protective mechanism.
The mAbs 7D9 and lOCIO inhibited replication of at least two separate murine rotavirus strains (EC and EW; Fig. 1 , A and B) and reacted with virtually all other mammalian strains in ELISA (15) . Immunization with VP6-encoding DNA has also been shown to protect mice from rotavirus challenge in recent studies (20) . If VP6-specific IgA antibodies with similar protective activity are generated after natural rotavirus infection or vaccination, they are likely to play a role in the heterotypic immunity observed in a variety of vaccine field trials and epidemiologic studies.
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weeks old) by suture ligation. Animals were anesthetized with equal volumes of xylazine (20 mg per kilogram of body weight) and ketamine (100 mg/kg) diluted in sterile physiologic saline (50 p.1 per animal). Supplemental anesthesia was administered with halothane inhaled via the open drop method. Fifty microliters of the following solutions were injected into the loops of four mice: (i) 25 1A of activated wild-type EC (106 shedding dose 50s) plus 25 ,ui of 7D9 ascites (1 :4 dilution); (ii) 25 pI of activated EC plus 25 p.I of a cocktail of four high-titer neutralizing IgG antibodies directed at VP4 and VP7 (27, 28) (mAbs 4F8, 159, 2G4, and 57-4, each 1:4 diluted); (iii) 25 p.l of activated EC plus 25 p.I of phosphate-buffered saline (PBS); and (iv) 25 pI of mouse myeloma IgA (undiluted, 1 mg/ml) (Sigma) plus 25 p.1 of activated EC. After injection, the loops were returned to the abdominal cavity and the abdominal wall was closed. The loops were removed 12 hours later and immunostained for EC with a rabbit hyperimmune serum against rotaviruses (Fig. 4) that strand, but an R-Y transversion on that same strand is induced by an R:R mismatch originating on the complementary strand during the previous round of replication. Consequently, by comparing the rates of Y->R and R->Y substitutions among homologous sequences, it is possible to test whether error rates differ significantly for the leading and lagging strands during chromosomal replication in vivo.
In an analysis of intergenic regions from the P-globin complex of primates, Wu 2) . Therefore, asymmetry is generated by a 15 process that distinguishes between the coding and the noncoding strands of a gene, not on the mode of replication.
10-
Although natural selection could potentially produce asymmetries by favoring cer- (31) mdh (10) (17) would result in consistent C->T versus rhand gutB (27) . For G->A asymmetries. Therefore, these asymMnce divergence was metries must be generated by differences in ere scored as for Fig. the occurrence or repair (or both) of C->T requencies for each or G->A changes on the coding and nonon the leading strand coding strands. I strand (C)] were obOne possibility is that the singleibers of substitutions stranded nature of the coding strand while -lass and dividing by RNA is being synthesized on the noncodnal nucleotide across na Because of sample ing strand makes it prone to DNA damage ion frequencieswere (18) . The deamination of C to U (or T ests (8) events on the coding strand resulting from transcription, paralleling recent experiments in yeast showing increased mutation rates with higher levels of transcription (21) . However, the exposure of short single-stranded regions during RNA synthesis is probably too transient to account for the level of asymmetry observed between the strands (18) .
In contrast, the alternative process, transcription-coupled repair, is highly strandspecific and also predicts the observed differences between C--T and G-->A substitution frequencies. In E. coli, this repair is known to act on ultraviolet-induced pyrimidine dimers and is targeted to the transcribed (that is, noncoding) strand (22) . Because C->T transitions are the primary mutations induced by pyrimidine dimers (23), transcription-coupled repair will result in a deficit of C->T changes on the transcribed strand, which translates into an excess of C-->T over G->A changes on the coding strand (24) , as detected in the genes that we analyzed. If this process is responsible for the observed transitional asymmetry, the fraction of C->T changes at dipyrimidine sites would exceed 70%, the expectation based on the trinucleotide composition of the E. coli genome (25) . Of the loci in Fig. 2 , this fraction is above 80% in putP and gutB, supporting transcription-coupled repair at dipyrimidine sites as the cause of asymmetry; but at mdh, phoA, and crr, this fraction is below 65%. Because transcription-mediated repair systems have been hypothesized to operate on other types of DNA damage, including deamination of C, any C->UiT change on the transcribed strand could be preferentially corrected (18, 26) .
If the C->T versus G-*A asymmetry is introduced during transcription, we would expect that cryptic genes, which are expressed only occasionally on an evolutionary timescale, would not display such bias. We did not detect any difference between complementary transition rates for the cryptic gene celC in E. coli (27) , although the sample size is admittedly small (five C->T changes compared with four G-*A changes; P > 0.5). A role for transcriptioncoupled repair in the evolution of enterobacterial genes has two implications regarding the process of mutation: (i) The rates of certain mutations will decline with increasing levels of gene expression, as recently suggested (28, 29) , because frequent transcription increases the opportunity for transcription-coupled repair; and (ii) DNA damage, rather than spontaneous replication errors, causes a substantial fraction of naturally occurring mutations. Ultraviolet light (UV)-induced DNA damage can be repaired by DNA photolyase in a light-dependent manner. Two types of photolyase are known, one specific for cyclobutane pyrimidine dimers (CPD photolyase) and another specific for pyrimidine (6-4) pyrimidone photoproducts [(6-4)photolyase]. In contrast to the CPD photolyase, which has been detected in a wide variety of organisms, the (6-4)photolyase has been found only in Drosophila melanogaster. In the present study a gene encoding the Drosophila (6-4)photolyase was cloned, and the deduced amino acid sequence of the product was found to be similar to the CPD photolyase and to the blue-light photoreceptor of plants. A homolog of the Drosophila (6-4)photolyase gene was also cloned from human cells.
Cyclobutane pyrimidine dimers (CPDs) and pyrimidine (6-4) pyrimidone photoproducts [ enzyme (CPD photolyase), repairs CPDs by reverting them to normal bases using light energy (4, 5) . We discovered another type of photolyase in Drosophila melanogaster (6, 7) that catalyzes the light-dependent repair of (6-4)photoproducts rather than CPDs. To investigate the mechanism by which the (6-4)photoproducts are repaired, we cloned the Drosophila (6-4)photolyase gene. Escherichia coli normally do not photoreactivate (6-4)photoproducts (7) and thus would be expected to show an increased resistance to UV light when engineered to
